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p63Abstract Craniopharyngiomas (CPs) are rare epithelial tumors located mainly in the sellar/
parasellar region. CPs have been classiﬁed into histopathologically, genetically, clinically and
prognostically two distinctive subtypes: adamantinomatous and papillary variants.
Aim: To determine the immunohistochemical expression of b-catenin, EGFR, ErbB2, and p63 in
adamantinomatous and papillary CPs.
Materials and methods: b-Catenin, EGFR, ErbB2, and p63 immunostaining was performed on
parafﬁn embedded tissue sections of 25 CPs including 18 adamantinomatous craniopharyngioma
(ACP) and 7 cases of papillary craniopharyngiomas (PCPs).
Results: 17 cases (94%) of ACP exhibited strong nuclear/cytoplasmic expression of b-catenin. On
the contrary, all cases of PCP showed exclusively membranous expression (P value < 0.0001).
Regarding EGFR, 15 (83%) and 5 cases (71%) of APC and PCP respectively were positive. On
the other hand, only 3 cases (17%) of APC and none of PCP exhibited positivity for ErbB2. p63
over-expression was observed in 16 cases of ACP (89%) and 6 cases of PCP (86%). However,
140 G.E. Esheba, A.A. Hassanthe distribution of p63 staining was diffuse in ACP, while in PCP; the staining was mainly restricted
to the basal cell layer.
Conclusion: Nuclear accumulation of b-catenin is a diagnostic hallmark of the ACP and is very
helpful in the differential diagnosis between both ACP and PCP in the setting of small biopsies.
Moreover, the restricted nuclear b-catenin accumulation in the cohesive cell clusters within the
whorl-like areas supports that aberrant b-catenin expression may play a role in the morphogenesis
of ACP.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of National Cancer Institute,
Cairo University. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Craniopharyngioma is a benign, partly cystic epithelial tumor
of the sellar region presumably derived from Rathke pouch
epithelium and account for 1.2–4.6% of all intracranial tumors
[1–3]. They are the most common non-neuroepithelial intrac-
erebral neoplasm in children, accounting for 5–10% of
intracranial tumors [4].
Craniopharyngiomas are grade I tumors, according to the
World Health Organization classiﬁcation and although consid-
ered histologically benign, rare cases of malignant transforma-
tion (possibly triggered by previous irradiation) have been
reported [5,6].
Histologically, two main subtypes have been recognized,
the adamantinomatous and the papillary, however, transi-
tional or mixed forms have also been reported [7].
The adamantinomatous type is the most common, with a
bimodal age distribution, the ﬁrst peak in children aged 5–
15 years, while the second peak in adults aged 45–60 years. It
has similarity with the adamantinoma of the jaw and the cal-
cifying odontogenic cyst; it is thought to arise from squamous
cell rests of the craniopharyngeal duct, which is a canal that
connects the stomodeal ectoderm with Rathke’s pouch.
Conversely, papillary craniopharyngiomas have been
almost exclusively described in adults and result from meta-
plasia of the adenohypophyseal cells in the pituitary gland [3].
Craniopharyngioma may present with a variety of non-
speciﬁc manifestations including visual disturbances (more fre-
quently in adults than in children) and endocrine deﬁciencies
(more frequently in children). Cognitive impairment and per-
sonality changes are observed in about half of patients. Signs
of increased intracranial pressure are frequent, especially in
cases with compression or invasion of the third ventricle [8,9].
Despite their benign histological appearance, they often
show an unpredictable growth pattern. Currently, surgical
excision followed by external beam irradiation, in cases of
residual tumor, is the main treatment option. Intracystic irra-
diation or bleomycin, stereotactic radiosurgery, or radiother-
apy and systemic chemotherapy are alternative approaches
[10,11].
Recently, mutations of the glycogen synthase kinase 3b
(GSK3b) binding domain of b-catenin have been found in
adamantinomatous CP suggesting a potential role of the asso-
ciated Wnt/wingless signaling pathway during tumorigenesis
of ACP. Under physiological conditions, binding of Wnt to
a membrane receptor, such as frizzled, initiates an intracellular
signaling cascade and results in the inactivation of the cyto-
plasmic GSK3b complex including adenomatous polyposis
coli (APC), b-catenin, and axin. As a consequence,proteasomal b-catenin degradation is inhibited and b-catenin
molecules can translocate into the nucleus, where they interact
with members of the T cell factor (TCF) family of transcrip-
tion factors leading to activation of the expression of target
genes such as c-myc and cyclin D1 and stimulation of cellular
proliferation [12–16].
The epidermal growth factor receptor (EGFR) cascade has
been recognized to also play a role in Wnt signaling activation,
most probably due to a direct interaction between EGFR and
b-catenin. The EGFR is a 170-kDa receptor tyrosine kinase
(RTK), also referred to as HER1, ErbB1, mENA, and
PIG61. Aberrant EGFR signaling was identiﬁed in several
cancers such as non-small-cell lung cancer (NSCLC), colorec-
tal carcinoma, breast cancer, head and neck squamous carci-
noma, bladder cancer, and pancreatic cancer [17].
ErbB2 protein, encoded by the HER2neu gene, belongs to a
family of four homologous transmembrane receptors [epider-
mal growth factor receptor (EGFR)/ErbB1, ErbB2, ErbB3,
and ErbB4]. Overexpression of the ErbB2 protein has been
found in 20–25% of invasive ductal carcinomas and is associ-
ated with aggressive clinical behavior. ErbB2 expression was
also found in various human cancers such as ovarian, gastric,
esophageal, lung, and endometrial cancers. Therefore, ErbB2
has been the target for immunotherapy [18,19]. However, its
expression in craniopharyngioma has not been extensively
studied.
The aim of this study was to evaluate the immunohisto-
chemical expression of b-catenin, EGFR, ErbB2, and p63 in
adamantinomatous and papillary CPs.Materials and methods
25 Formalin-ﬁxed, parafﬁn-embedded tissue blocks containing
CP were obtained retrospectively from the archives of the
Departments of Pathology, Faculty of Medicine, Tanta and
Al Azhar Universities during the period between 2005 and
2013. The cases included 18 cases of ACP and 7 cases of pap-
illary craniopharyngioma.
This study was approved by the Ethics Committee of
Faculty of Medicine, Tanta University in accordance with
the principles of the Declaration of Helsinki.
Immunohistochemical analysis was done with the following
commercially available antibodies: b-catenin, EGFR, ErbB2,
and p63.
The characteristics of antibodies used for evaluation are
summarized in Table 1.
Four micrometer thick sections were cut from routine
parafﬁn embedded blocks then deparafﬁnized in xylene, and
Table 1 Characteristics of antibodies used for evaluation.
Antibody Clone Source Dilution
Anti-Human
b-catenin
M 3539 DOKO Cytomation,
Glostrup, Denmark
1:200









DAKO, Carpinteria, CA 1:200
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with the Dako autostainer.
Scoring methods
For b-catenin expression, the cytoplasm/nuclear immunoreac-
tivity was evaluated separately from membranous immunore-
activity and the nuclear staining was scored as strong (3),
moderate (2), weak (1), or negative (0) [15].
Regarding EGFR staining, only staining of the tumor cell
membranes was considered to be speciﬁc. The staining pattern
of tumor cell membranes was further classiﬁed as incomplete
staining and complete staining. The following scoring
approach in the assessment of EGFR immunostaining was
used: score 0 = no staining or unspeciﬁc staining of tumor
cells; score 1 = weak (intensity) and incomplete staining (qual-
ity) of more than 10% of tumor cells (quantity); score
2 = moderate and complete staining of more than 10% of
tumor cells; score 3 = strong and complete staining of more
than 10% of tumor cells [20].
For ErbB2 immunoexpression, it was interpreted according
to the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) criteria for breast carci-
noma (score 0, no staining or membrane staining is observed
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Suprasellar/intrasellar in 10 cases, suprasellar in 5 cases, and intrasellar in
suprasellar in 2 cases.membrane staining is detected in >10% of the tumor cells,
and only part of the membrane is stained; score 2+, weak to
moderate complete membrane staining (tumor cells displayed
a circumferential staining of the entire tumor cell membrane)
is observed in >10% of the tumor cells; score 3+, strong com-
plete membrane staining is observed in >30% of the tumor
cells) [21].
Regarding p63, nuclear staining was scored as positive and
was scored as follows: (+1) <10% of nuclei were stained,
(+2) 20–50%, (+3) >50% [15].
Statistical analysis
Data were analyzed using SPSS version 12.0.0 for Windows
(SPSS Inc., Chicago, IL). Scale variables were presented as
the mean ± standard deviation (mean ± SD) or percentages
as appropriate. Fisher’s exact test was used to test the differ-
ence of immunohistochemical expression of each marker
between ACP and PCP. The P values were reported and the
signiﬁcance level was 0.05.Results
Clinical characteristic
The current study included 18 cases of APC and 7 cases of
APC. In ACP, 10 cases (56%) were males while the remaining
8 cases (44%) were females. The mean age of the patients was
11.83 ± 9.97 (range 2–42).
In PCP, 4 cases (57%) were male and 3 cases (43%) were
females. The mean age of the patients was 59.86 ± 6.69 (range
52–69). The difference in age between ACP and PCP is extre-
mely signiﬁcant (P value < 0.0001).
The main clinical manifestations in APC were visual ﬁeld
defects in 8 cases (44%), headache in 5 cases (28%), nau-
sea/vomiting in 4 cases (22%). Less frequent manifestations
were: papilledema in 2 cases (11%) and diabetes insipidus inngioma.

















3 cases. The location of PCP was suprasellar/intrasellar in 5 cases and
142 G.E. Esheba, A.A. Hassan2 cases (11%), and ataxia in one case (5%). Regarding APC,
visual ﬁeld defects was the most common clinical manifesta-
tion in 4 cases (57%), followed by cognitive dysfunction and
decreased consciousness in 3 cases (43%), and lastly headache
in one case (13%). Some patients were presented by more than
one clinical manifestation.
Regarding the location of the tumors; in ACP, it was:
suprasellar/intrasellar in 10 cases (55%), suprasellar in 5 cases
(28%), and intrasellar in 3 cases (17%). The location of PCP
was suprasellar/intrasellar in 5 cases (71%) and suprasellar
in 2 cases (29%). Detailed clinical characteristics of the
patients studied in this work are shown in Table 2.
Histopathological evaluation
All adamantinomatous craniopharyngiomas showed the pres-
ence of a complex epithelial pattern with epithelial cells dis-
posed in sheets, cords, nests, and anastomosing trabeculae
with peripherally palisading columnar epithelial cells with
darkly staining nuclei and little cytoplasm. Those areas merge
with loosely cohesive aggregates of squamous cells. WetFigure 1 (A) ACP exhibiting whorl-like cell cluster of epithelial cells
and nodules of ‘‘wet’’ keratin (arrow). (B) Loosely cohesive aggregates
ghost cells (arrow head) (H&E ·200). (D) Immunohistochemical sta
expression which was predominantly seen in compactly cohesive
immunostaining showing positive membranous expression in the neopl
(G) Strong diffuse nuclear p63 staining.keratin was identiﬁed in all cases. In 9 cases; cystic cavities
containing squamous debris were detected (Fig. 1A and B).
Calciﬁcation, ghost cells, and cholesterol clefts were
detected in 11 cases either singly or in combination (Fig. 1C).
Papillary CP was exclusively formed of a solid, papillary
growth pattern missing the wet keratin, cystic appearance
and regressive elements (Fig. 2A).
Immunohistochemical ﬁndings
Detailed immunohistochemical characteristics found in ACP
and PCP using b-catenin, EGFR, ErbB2, and p63 are summa-
rized in Table 3 and are shown in Figs. 1 and 2.
b-Catenin
A shift from membrane-bound to nuclear/cytoplasmic accu-
mulation of b-catenin was seen in all but one case (94%) of
the adamantinomatous CP, predominantly in the compactly
cohesive epithelial cells within the whorl-like arrays and occa-
sionally in palisaded cells, with 14 cases exhibited strongat different grades of differentiation, peripherally palisading cells
of squamous cells and cystic cavities. (C) Calciﬁcation (arrow) and
ining of b-catenin demonstrating strong nuclear and cytoplasmic
epithelial cells within the whorl-like arrays (·400). (E) EGFR
astic cells (·200). (F) +2 positive membranous staining for ErbB2.
Figure 2 (A) PCP shows well-differentiated squamous epithelium forming pseudopapillae lining loose connective tissue. Wet keratin is
absent (·200). (B) Exclusively membranous staining for b-catenin with no nuclear or cytoplasmic staining (·400). (C) Strong complete
membranous staining for EGFR (·400). (D) Focal p63 positivity (·200).
Table 3 Detailed immunohistochemical expression of b-catenin, EGFR, ErbB2 and p63 among ACP and PCP.
Adamantinomatous craniopharyngioma (18 cases) Papillary craniopharyngioma (7 cases) P-value
No. % Scoring of immunoreactivity No. % Scoring of immunoreactivity
0 +1 +2 +3 0 +1 +2 +3
b-catenin 17/18 94% 1 1 2 14 0/7 0 7 0 0 <0.0001*
EGFR 15/18 83% 3 3 8 4 5/7 71% 2 0 4 1 =0.7513
ErbB2 3/18 17% 15 0 2 1 0/7 0 7 0 0 00 =0.2798
p63 16/18 89% 2 0 0 16 6/7 86% 1 0 3 3 =0.2449
 P-value (the difference in positive immunoreactivity between ACP and PCP as calculated by Fisher’s exact test).
* Signiﬁcant value.
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erate staining, while the remaining case showed weak staining
intensity.
On the other hand, in PCP, b-catenin immunoreactivity
was exclusively present in the cellular membrane. The cyto-
plasm revealed only a focal weak expression, whereas
immunoreactivity was completely undetected in the nuclei
(Fig. 2B). The difference between b-catenin expression in
ACP and PCP was highly statistically signiﬁcant (P
value < 0.0001).
EGFR family
Regarding EGFR; 15 cases (83%) of APC and 5 cases (71%)
of PCP were positive. The difference between EGFR expres-
sion in ACP and PCP was statistically insigniﬁcant (P
value = 0.7513).The expression pattern of EGFR in APC was as follows: 4
cases had score 3 (Fig. 1E), 8 cases had score 2, while the
remaining 3 cases showed score 1.
In cases of PCP; one case exhibited score 3 (Fig. 1C), while
the remaining 4 cases had score 2.
On the other hand, only 3 cases of APC were positive for
ErbB2. One case had score 3, while the remaining 2 cases
had score 2 (Fig. 1F). All cases of PCP were either negative
or showed incomplete membranous staining. Similar to
EGFR, The difference of ErbB2 expression between ACP
and PCP was statistically insigniﬁcant (P value = 0.2798).
p63
16 out of 18 ACPs (89%) exhibited strong nuclear staining for
p63 (Fig. 2G), while 6 cases out of 7 PCPs (86%) were posi-
tive; half of the cases had score 3, while the remaining half
144 G.E. Esheba, A.A. Hassanhad score 2. Interestingly, the distribution of p63 staining was
diffuse in ACP, where it stained the nuclei of basal layer cells
and the whorl-like areas. However, in PCP, p63 positivity was
focal and mainly restricted to the lower third of the stratiﬁed
epithelial cells (Fig. 2D).
Discussion
Tumors arising from the sellar region are usually challenging
and sometimes pose a diagnostic problem in surgical pathol-
ogy and often only small tissue specimens are available for his-
tological diagnosis.
CPs are non-neuroepithelial epithelial tumors demonstrat-
ing a variable histological appearance and although they are
histologically benign, higher risk of recurrence has been
reported which requires extensive surgical treatment [1].
Twenty-ﬁve patients with CP were included in this study.
18 cases were ACP while the remaining 7 cases were PCP.
In ACP, 56% of cases were males while the remaining 44%
were females. The mean age of the patients was
11.83 ± 9.97. In PCP, 57% of cases were males and 43%
were females with a mean age of 59.86 ± 6.69. The difference
in age between ACP and PCP was extremely signiﬁcant (P
value < 0.0001).
In APC, the most common clinical manifestation was visual
ﬁeld defects in 44% of cases followed by headache in 28% of
cases and nausea/vomiting in 22% of cases. Regarding APC,
57% of cases were presented with visual ﬁeld defects, 43%
by cognitive dysfunction and decreased consciousness, and
one patient was presented with headache.
In ACP, the most common tumor location was suprasel-
lar/intrasellar in 55% of cases, 28% of cases were suprasellar,
and only 17% of cases were intrasellar. The location of PCP
was suprasellar/intrasellar in 5 cases (71%) and suprasellar
in 2 cases (29%).
The above results were in keeping with the previously pub-
lished data [2,3,7].
In the current study, ACP was characterized by complex
epithelial pattern with whorl-like arrays, peripherally palisad-
ing cells, keratin nodules, lobules, cystic spaces, and calciﬁca-
tions. On the other hand, the papillary variant was
predominantly solid and was composed of anastomosing cords
of squamous epithelium with a papillary conﬁguration pattern,
which lacked calciﬁcation or keratin nodule formation.
The pathogenesis of craniopharyngiomas is not fully under-
stood. Activating mutations of the gene encoding b-catenin
have been detected in the majority of ACP subtype but not
the papillary subtype. The b-catenin protein is encoded by
the CTNNB1 gene and is a key mediator of the canonical
WNT signaling pathway, which is essential in the control of
stem cell pluripotency, cellular differentiation, proliferation,
and migration. Mutation in the b-catenin gene has been
demonstrated to play an important role in tumor morphogen-
esis and epithelial differentiation of ACP but not in PCP
[12,13,15,16,22–24].
In the current work, we found quite different immunohisto-
chemical results for-b-catenin between the two subtypes of
craniopharyngioma. 94% cases of the adamantinomatous type
demonstrated strong cytoplasmic and nuclear accumulation.
On the other hand, the tumor cells in the papillary type showed
exclusively membranous staining.These results were in keeping with the previously published
data [12,15,22,23,25–27].
Moreover, the results of this study demonstrated speciﬁc b-
catenin expression patterns in ACP; in which nuclear accumu-
lation of b-catenin was restricted to cohesive cell clusters
within whorl-like areas and few in palisade cell. Similar results
have been previously reported [15,26].
Cani et al. observed mutations in the b-catenin gene in 64%
of ACP; they also found evidence of b-catenin gene over-
expression in 71% of the tumors with b-catenin mutations
and in 40% of the tumors without mutations. Surprisingly,
Cani et al. detected positive nuclear b-catenin staining pattern
regardless of the presence of b-catenin gene mutation.
Therefore, the authors concluded that WNT signaling activa-
tion plays an important role in the pathogenesis of ACP [14].
Recently, the EGFR cascade was demonstrated to also play
a role in Wnt signaling activation through a direct interaction
between EGFR and b-catenin [28].
In this work, EGFR was positive in 15 (83%) and 5 cases
(71%) of APC and PCP respectively.
These results were partially concordant with those of
Ho¨lsken et al., who found an activation of the EGFR signaling
pathway as determined by immunohistochemical staining in all
cases of ACP. However, the authors could not ﬁnd any muta-
tions or ampliﬁcations in the EGFR gene in their ACP cases.
They also suggested that EGFR signaling plays an important
role in cell migration and brain inﬁltration in cases of ACP.
Therefore, targeting the EGFR signaling pathway may be
promising in the treatment of this challenging tumor [17].
Despite the over-expression of ErbB2 in many human can-
cers and pituitary adenomas, its expression in ACP has not
been studied extensively. In the current work, only 3 cases
(17%) of APC and none of PCP exhibited positivity for
ErbB2. Nearly similar results were obtained by Zuhur et al.,
who found that only 10% of ACP had score 3+ for ErbB2.
However, they did not include the PCP in their study. Zuhur
et al. also observed that patients with 3+ ErbB2 staining
had large and more aggressive tumors [29].
Recently, p63 has been found to play a key role in epider-
mal proliferation and differentiation. Impaired p63 expression
has been recently discovered in squamous cell carcinomas aris-
ing in different organs, like the oral cavity, larynx, lung, and
uterine cervix [30].
In this study, we found strong positive nuclear staining for
p63 in 89% and 86% of ACPs and PCPs respectively; with
more focal distribution of p63 positive nuclei in PCPs cases,
where it stained mainly the nuclei of the basal cell layer.
The above results were partially concordant with those of
Cao et al., who found p63 over-expression in 45 out of 51
adamantinomatous craniopharyngiomas and 14 out of 15
squamous papillary craniopharyngiomas. However, in con-
trast to our data, the authors found uniform nuclear p63 stain-
ing in all cell types in the papillary craniopharyngiomas [15].
Conclusions
The present study clearly demonstrated that cytoplasm/nuclear
b-catenin accumulation is an exclusively characteristic hall-
mark of ACP, therefore, it can be used as a reliable marker
for the differentiation between ACP and PCP especially with
small surgical specimens. Moreover, the restricted nuclear b-
Immunohistochemical expression of b-catenin, EGFR, ErbB2, and p63 145catenin accumulation in the cohesive cell clusters within the
whorl-like areas supports that aberrant b-catenin expression
may play a role in the morphogenesis of ACP.
EGFR expression in many cases of ACP and PCP in this
study, justiﬁes targeting the EGFR signaling pathway as a
promising treatment of this challenging tumor.
p63 immunohistochemical over-expression was found in
both ACP and PCP variant but with different localizations.
Conﬂict of interest
We have no conﬂict of interest to declare.
References
[1] Martinez-Barbera JP, Buslei R. Adamantinomatous cranio-
pharyngioma: pathology, molecular genetics and mouse
models. J Pediatr Endocrinol Metab 2015;28(1–2):7–17.
[2] Qi ST, Zhou J, Pan J, Zhang C, Silky C, Yan XR. Epithelial–
mesenchymal transition and clinicopathological correlation in
craniopharyngioma. Histopathology 2012;61(4):711–25.
[3] Martinez-Barbera JP. Biology of human craniopharyngioma:
lessons from mouse models. J Endocrinol 2015.
[4] Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N,
Zerah M, Bezerra M, Renier D, Pierre-Kahn A, et al. Pediatric
craniopharyngiomas: classiﬁcation and treatment according to
the degree of hypothalamic involvement. J Neurosurg
2007;106(1 Suppl.):3–12.
[5] Wang W, Chen XD, Bai HM, Liao QL, Dai XJ, Peng DY, Cao
HX. Malignant transformation of craniopharyngioma with
detailed follow-up. Neuropathology 2015;35(1):50–5.
[6] Sofela AA, Hettige S, Curran O, Bassi S. Malignant
transformation in craniopharyngiomas. Neurosurgery 2014;
75(3):306–14 [discussion 314].
[7] Karavitaki N. Management of craniopharyngiomas. J
Endocrinol Invest 2014;37(3):219–28.
[8] Aslan IR, Cheung CC. Early and late endocrine effects in
pediatric central nervous system diseases. J Pediatr Rehabil Med
2014;7(4):281–94.
[9] Rivas AM, Sotello D, Lado-Abeal J. Primary and secondary
endocrinopathies found in a patient with craniopharyngioma.
Am J Med Sci 2014;348(6):534–5.
[10] Flitsch J, Muller HL, Burkhardt T. Surgical strategies in
childhood craniopharyngioma. Front Endocrinol 2011;2:96.
[11] Mortini P, Losa M, Pozzobon G, Barzaghi R, Riva M, Acerno
S, Angius D, Weber G, Chiumello G, Giovanelli M.
Neurosurgical treatment of craniopharyngioma in adults and
children: early and long-term results in a large case series. J
Neurosurg 2011;114(5):1350–9.
[12] Buslei R, Nolde M, Hofmann B, Meissner S, Eyupoglu IY,
Siebzehnrubl F, Hahnen E, Kreutzer J, Fahlbusch R. Common
mutations of beta-catenin in adamantinomatous
craniopharyngiomas but not in other tumours originating
from the sellar region. Acta Neuropathol 2005;109(6):589–97.
[13] Camper SA. Beta-catenin stimulates pituitary stem cells to form
aggressive tumors. Proc Natl Acad Sci USA 2011;108(28):
11303–4.
[14] Cani CM, Matushita H, Carvalho LR, Soares IC, Brito LP,
Almeida MQ, Mendonca BB. PROP1 and CTNNB1 expression
in adamantinomatous craniopharyngiomas with or without
beta-catenin mutations. Clinics 2011;66(11):1849–54.
[15] Cao J, Lin JP, Yang LX, Chen K, Huang ZS. Expression of
aberrant beta-catenin and impaired p63 in craniopharyngiomas.
Br J Neurosurg 2010;24(3):249–56.
[16] Hussain I, Eloy JA, Carmel PW, Liu JK. Molecular oncogenesis
of craniopharyngioma: current and future strategies for thedevelopment of targeted therapies. J Neurosurg
2013;119(1):106–12.
[17] Holsken A, Gebhardt M, Buchfelder M, Fahlbusch R, Blumcke
I, Buslei R. EGFR signaling regulates tumor cell migration in
craniopharyngiomas. Clin Cancer Res 2011;17(13):4367–77.
[18] Park S, Wang HY, Kim S, Ahn S, Lee D, Cho Y, Park KH,
Jung D, Kim SI, Lee H. Quantitative RT-PCR assay of
HER2 mRNA expression in formalin-ﬁxed and parafﬁn-
embedded breast cancer tissues. Int J Clin Exp Pathol 2014;
7(10):6752–9.
[19] Subramaniam D, He AR, Hwang J, Deeken J, Pishvaian M,
Hartley ML, Marshall JL. Irreversible multitargeted ErbB
family inhibitors for therapy of lung and breast cancer. Curr
Cancer Drug Targets 2015;14(9):775–93.
[20] Atkins D, Reiffen KA, Tegtmeier CL, Winther H, Bonato MS,
Storkel S. Immunohistochemical detection of EGFR in parafﬁn-
embedded tumor tissues: variation in staining intensity due to
choice of ﬁxative and storage time of tissue sections. J
Histochem Cytochem 2004;52(7):893–901.
[21] Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane
LM, Allison KH, Allred DC, Bartlett JM, Bilous M,
Fitzgibbons P, et al. Recommendations for human epidermal
growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists
clinical practice guideline update. Arch Pathol Lab Med
2013;31(31):3997–4013.
[22] Hassanein AM, Glanz SM, Kessler HP, Eskin TA, Liu C. Beta-
Catenin is expressed aberrantly in tumors expressing shadow
cells. Pilomatricoma, craniopharyngioma, and calcifying
odontogenic cyst. Am J Clin Pathol 2003;120(5):732–6.
[23] Oikonomou E, Barreto DC, Soares B, De Marco L,
Buchfelder M, Adams EF. Beta-catenin mutations in
craniopharyngiomas and pituitary adenomas. J Neurooncol
2005;73(3):205–9.
[24] Holsken A, Kreutzer J, Hofmann BM, Hans V, Oppel F,
Buchfelder M, Fahlbusch R, Blumcke I, Buslei R. Target gene
activation of the Wnt signaling pathway in nuclear beta-catenin
accumulating cells of adamantinomatous craniopharyngiomas.
Brain Pathol 2009;19(3):357–64.
[25] Hofmann BM, Kreutzer J, Saeger W, Buchfelder M, Blumcke I,
Fahlbusch R, Buslei R. Nuclear beta-catenin accumulation as
reliable marker for the differentiation between cystic
craniopharyngiomas and rathke cleft cysts: a clinicopathologic
approach. Am J Surg Pathol 2006;30(12):1595–603.
[26] Buslei R, Holsken A, Hofmann B, Kreutzer J, Siebzehnrubl F,
Hans V, Oppel F, Buchfelder M, Fahlbusch R, Blumcke I.
Nuclear beta-catenin accumulation associates with epithelial
morphogenesis in craniopharyngiomas. Acta Neuropathol
2007;113(5):585–90.
[27] Sekine S, Takata T, Shibata T, Mori M, Morishita Y, Noguchi
M, Uchida T, Kanai Y, Hirohashi S. Expression of enamel
proteins and LEF1 in adamantinomatous craniopharyngioma:
evidence for its odontogenic epithelial differentiation.
Histopathology 2004;45(6):573–9.
[28] Jean C, Blanc A, Prade-Houdellier N, Ysebaert L, Hernandez-
Pigeon H, Al Saati T, Haure MJ, Coluccia AM, Charveron M,
Delabesse E, et al. Epidermal growth factor receptor/beta-
catenin/T-cell factor 4/matrix metalloproteinase 1: a new
pathway for regulating keratinocyte invasiveness after UVA
irradiation. Cancer Res 2009;69(8):3291–9.
[29] Zuhur SS, Tanik C, Erol RS, Musluman AM, Kabukcuoglu F,
Altuntas Y. Immunohistochemical expression of ErbB2 in
adamantinomatous craniopharyngiomas: a possible target for
immunotherapy. Turk Neurosurg 2013;23(1):55–60.
[30] Lauxen IS, Oliveira MG, Rados PV, Lingen MW, Nor JE,
Sant’ana Filho M. Immunoproﬁling of oral squamous cell
carcinomas reveals high p63 and survivin expression. Oral Dis
2014;20(3):e76–80.
